N'CCG ---->95%
5. CCCCG ---+ >95% Post-transcriptionally modified sequences in methanogens and their likely counterparts in the bacteria that have been examined. In group 1, A is N-6-diMe (21) , identified by electrophoretic mobilities of A and AA and by total resistance to U2 nuclease. In group 2, 0 is partially resistant to pancreatic nuclease, the first A when modified is still U2 nuclease sensitive; the second A is N-6-diMe. N in group 3 is resistant to pancreatic nuclease but is electrophoretically U-like. X stands for U or A. In group 4, N and N' are not cleaved by endonucleases; NC and N'C are electrophoretically distinguishable, C is cleaved by pancreatic nuclease and has C-like electrophoretic properties. In group 5, C, (21, 22) is not cleaved by pancreatic nuclease and is readily deaminated by NH40H.
Coffection. In the article "Ionophores stimulate prostaglandin and thromboxane biosynthesis" by Howard R. Knapp 4 were omitted. The corrected Fig. 4 ABSTRACT The role of calcium in triggering prostaglandin and thromboxane synthesis was studied in several systems with ionophores of different ion specificities. Divalent cationophore A23187 stimulates prostaglandin and thromboxane production by washed human platelets in a concentration-dependent manner (0.3-9 jM). A23187 also induces an antimycin A-insensitive burst in oxygen utilization which is partially blocked by 5mM aspirin or 10 pM indomethacin. Under our conditions, A23187 (up to 10 jM) does not appear to damage platelet membranes since it does not cause appreciable loss of lactate dehydrogenase or -glucuronidase.Mono-and divalent cationophore X537A also stimulates platelet thromboxane B2 production and oxygen utilization, but monovalent cationophores nigericin, monensin A, A204, and valinomycin have no effect.
The synthesis of prostaglandins E2, D2, and F2 by rat renal medulla mince is stimulated by 1 and 5 jM A23187 without changes in tissue ATP content, lactate output, or K+ efflux.
X537A, monensin A, and nigericin (all 5 pM) stimulate both prostaglandin output and K+ efflux: from renal medulla, while 5 jiM valinomycin or A204 has no effect on either. None of the ionophores stimulates renomedullary prostaglandin production if calcium is omitted from the incubation medium. A23187 also stimulates prostaglandin production by human lymphoma cells, rat stomach and trachea preparations, and guinea pig polymorphonuclear leukocytes. These observations suggest a major role for CaS+ in stimulating prostaglandin and thromboxane biosynthesis, and also indicate that prostaglandin and/or thromboxane release may partially mediate some of the previously described effects of ionophores on cells and tissues. Prostaglandins (PG) and thromboxanes are produced in various proportions by nearly every mammalian cell type investigated, with the exception of the erythrocyte (1). While numerous specific (2) and nonspecific (3) stimuli have been described that increase prostaglandin and thromboxane release in many systems, there is little information available about the mechanism(s) of action of these stimuli. The rate-limiting step in the biosynthesis of prostaglandins and thromboxanes is currently thought to be liberation of their precursor, arachidonic acid, by phospholipases from tissue lipids (4, 5) . Since many phospholipases are calcium dependent (6, 7), we have studied the effect of altering intracellular calcium concentrations on prostaglandin and thromboxane biosynthesis. To do this, we have compared the effects of calcium-transporting ionophores with effects of ionophores specific for monovalent cations on production of prostaglandins and thromboxane B2 (TxB2) in two very different biological systems. In the present report, we demonstrate that A23187, and certain other ionophores, stimulate the formation of oxygenated products of arachidonic acid by platelets and renal medulla.
METHODS
Platelet Studies. Blood was obtained from healthy male volunteers who had not taken any drugs for at least 10 days. Washed platelets were prepared as described (8) and resuspended in Krebs-Henseleit buffer without calcium. For thromboxane and prostaglandin studies, incubations were run in an aggregometer at 370 and terminated by addition of -700 acetone (see below). Oxygen uptake was measured with a Gilson Oxygraph K-IC. Lactate dehydrogenase was assayed with Sigma kit 340-UV and fl-glucuronidase as described (9) . Protein was measured with a biuret method. Ionophores (4 mM stock solution) were added in ethanol, and controls received an equal volume of ethanol.
Renal Medulla Studies. Renal medulla incubations were carried out as described by Danon et al. (10) . The buffer was changed every 30 min for six incubation periods and analyzed for prostaglandins either by gas chromatography/mass spectrometry or by bioassay with the rat fundus (10) . lonophores (or an equal volume of ethanol) were added after 120 min of incubation. ATP levels at the end of the sixth incubation period were measured (11) in supernatants of tissue that had been rapidly homogenized in ice-cold 6% perchloric acid, neutralized with 30% KOH, and centrifuged. Potassium and calcium were measured by atomic absorption spectroscopy, and lactate was assayed enzymatically (12) .
Determination of Prostaglandins and TxB2 by Gas Chromatography/Mass Spectrometry. The incubation medium or platelet suspension was added to three volumes of -700 acetone containing the appropriate deuterated internal standards:
prostaglandins and TxB2 were used as tracers during purification. After removal of denatured proteins by centrifugation and two washings with petroleum ether (boiling point 35-600), -prostaglandins and thromboxanes were extracted into chloroform at pH 3.2. The prostaglandins and TxB2 were purified and separated by high pressure liquid chromatography on a ,uPorasil column (Waters Assoc.) as described (13) . Derivatized compounds were measured by combined gas chromatography/mass spectrometry, using selected ion monitoring under conditions described previously (14) (15) (16) .
RESULTS

Effects of ionophores on platelets
The effects of A23187 on platelets have been studied at length, and it has been shown that this ionophore can mobilize the platelets' intracellular calcium stores (17 (19) (20) (21) , stimulated TxB2 production by platelets, whereas ionophores capable only of monovalent cation transport, i.e., nigericin, monensin A, and valinomycin (21), were without effect. Similarly, of the ionophores tested, only A23187 and X537A provoked platelet aggregation (17) . The magnitude of TxB2 production and degree of aggregation induced by the calcium ionophores were similar to the responses produced by a supraoptimal concentration of thrombin (5 units/ml). The large variation in thrombin-stimulated TxB2 production by platelets from different individuals has been reported previously (22) and is also true for ionophore-stiimulated TxB2 production.
Addition of thrombin to platelets results in a brief burst in oxygen utilization, which is partially sensitive to antimycin A (23) and markedly inhibited by aspirin or eicosatetraynoic acid (24, 25) . In Fig. 3 , oxygen electrode trace A shows that antimycin A completely inhibits the basal respiration of platelets and markedly diminishes the respiratory response to thrombin, but has little effect on the burst in oxygen utilization produced by A23187. This observation suggests that while the respiratory response produced by thrombin depends on electron transport and presumably ATP synthesis, A23187 stimulation does not and is not due to uncoupling of oxidative phosphorylation (19) , since it occurs in the presence of antimycin A. Trace B (Fig. 3) shows that an antimycin A-insensitive burst in oxygen utilization is produced only by ionophores capable of transporting calcium, stimulating TxB2 production, and causing platelet aggregation. The data shown in trace C (Fig. 3) suggest that the extra oxygen uptake stimulated by A23187 is partially associated with oxygenation of arachidonic acid by platelet cyclooxygenase, since both aspirin and indomethacin markedly reduce this response. The complete inhibition of A23187-induced, antimycin Ainsensitive oxygen consumption by 50,uM indomethacin is not observed with all platelet preparations and may be due to a nonspecific inhibitory effect (26 prostaglandin production (10) and the major oxygenation products of arachidonic acid produced by this preparation (PGE2, PGD2, and PGF2a) are not metabolized further (27) . Fig. 4 shows that after an initial high rate of prostaglandin production, probably caused by trauma associated with tissue preparation (3), a low, stable rate of release is reached after 90-120 min of incubation. If A23187 is added at this time, there is a stimulation in production of all three prostaglandins, with about a 4-fold increase in PGE2 and PGD2 output and a 2-fold increase in PGF2a output (Fig. 4 upper) . When calcium is omitted from the buffer, washout of calcium from the tissue results in a concentration of approximately 30MAM during the last two incubation periods, and A23187 is unable to stimulate prostaglandin production (Fig. 4 lower) . If calcium chloride (2.5 mM) is added back with the ionophore, however, the ability of A23187 to stimulate prostaglandin synthesis is restored fully. When the incubation medium contains the usual calcium concentration (2.5 mM) but magnesium is omitted, stimulation of prostaglandin release by 5 ,M A23187 is doubled.t Since A23187 binds magnesium nearly as well as calcium, the effects of this competition are consistent with the suggestion that stimulation of prostaglandin biosynthesis by A23187 is mediated by the inward transport of calcium. Table 1 compares the effects of various ionophores on renomedullary prostaglandin production. None of the ionophores stimulates prostaglandin production in the absence of added calcium. Since hypertonic medium stimulates prostaglandin release by the rat renal medulla (28) to an equal extent whether or not calcium is included in the medium,t it can be inferred that the calcium-free incubation does not impair the potential activity of the cyclooxygenase or phospholipases. A23187 appears to be the most effective ionophore and is the only one to produce a large stimulation of prostaglandin release at 1 AiM concentration. In contrast to the observations with platelets, however, two ionophores that are specific for monovalent cations, monensin A and nigericin, stimulate prostaglandin output in a calcium-dependent manner, while two other monovalent cationophores, A204 and valinomycin, have no effect on prostaglandin production. t Value differs from control at P < 0.05; t P < 0.01; § P < 0.005; 1 P < 0.001.
The above mentioned monovalent cationophores do not transport calcium directly to any appreciable extent (21) . Alterations in intracellular monovalent cation concentrations, particularly sodium, may produce effects that result from increased cytoplasmic calcium (29) . To assess whether monovalent cationophores were causing monovalent cation movements in our system, we have examined their ability to produce efflux of potassium from the renal medulla during incubations in potassium-free buffer. Both monovalent cationophores that stimulate prostaglandin output, nigericin and monensin A, stimulate potassium efflux from the tissue, 3.1-and 1.6-fold over control, respectively, during the 30 min after addition. A204 and valinomycin, which do not stimulate prostaglandin output, have no effect on potassium efflux. X537A, which transports a wide range of cations (21), stimulates potassium efflux 1.7-fold. This suggests that X537A may be stimulating prostaglandin output by virtue of either or both monovalent and calcium ionophore capacity. A23187 has no effect on potassium efflux, indicating that, in this preparation, it does not adversely affect cell membrane integrity or cause potassium release secondary to changes in intracellular calcium as in erythrocytes (20) .
A23187 lowers ATP levels in some cells (20, 30) . Environmental changes that lower tissue ATP levels, such as hypoxia, often stimulate prostaglandin release (3) . To many phospholipases have been shown to be calcium dependent (6, 7) . A reasonable explanation for our observations is that certain ionophores increase the concentration of cytoplasmic calcium which then stimulates phospholipase activity. This would result in increased free arachidonic acid, which would be expected to be converted rapidly to prostaglandins, thromboxanes, or other products. In platelets, A23187 is able to mobilize internal calcium stores (17) and, thereby, presumably, increase cytoplasmic calcium. While our studies were in progress, Pickett et al. reported that 10 ,uM A23187 liberates arachidonic acid from platelet phospholipids and proposed that the ionophore activates phospholipase A2 in a calcium-dependent manner (31) .
Our results with the renal medulla suggest that calcium plays a pivotal role in prostaglandin production by this tissue also. In addition, our data demonstrate a possible role for monovalent cations in regulating prostaglandin synthesis in this tissue. It has been suggested (21, 29) that increased intracellular sodium can produce an increase in cytoplasmic calcium. Inhibition of the myocardial (Na+ + K+)-ATPase by cardiac glycosides is thought to result in a positive inotropic effect by somehow increasing cytoplasmic calcium secondary to increased cytoplasmic sodium concentrations (32) . Preliminary experiments indicate that 0.1-1 mM ouabain potentiates the stimulation of renomedullary prostaglandin release induced by either 5 ,M monensin A or 5 ,uM nigericin.t Whether potassium efflux, sodium influx, or both, are involved in mediating the calcium-dependent stimulation of prostaglandin biosynthesis by monovalent cationophores has not been resolved.
One final point may be made as a result of data in the present studies. A23187 and X537A have been used widely to probe the role of calcium in diverse processes. Our data indicate that stimulation of thromboxane or prostaglandin biosynthesis by ionophores, particularly those which transport calcium, may be a generalized phenomenon and suggest that these products could, in fact, be mediating some of the observed effects of ionophores on cells, tissues, and organs. In addition, ionophores may be powerful tools with which to study bioregulation of prostaglandin and thromboxane synthesis in addition to other calcium-dependent processes.
